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(54) SYNCHRONOUS TYPE SEMICONDUCTOR MEMORY DEVICE 



(57) The present invention relates to a synchronous 
semiconductor memory device and an object of the 
present invention is to provide a synchronous semicon- 
ductor memory device in which an operation mode such 
as a set burst length would not be lost even at the power 
off. Here, the synchronous semiconductor memory 

FIG.1 

/HAS 



device according to the present invention includes non- 
volatile memory means (11, 12, 13) for storing operation 
mode and controlling data reading operation and data 
writing operation in accordance therewith. 
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Brief Description of the Drawings 



[0001] The present invention relates generally to a 
semiconductor memory device, and more particularly to 
a synchronous semiconductor memory device operat- 
ing in synchronization with a clock signal. 

Background of the Art 

[0002] In a synchronous semiconductor memory 
device (hereinafter referred to as an SDRAM) now avail- 
able as a commercial product, Burst Length (BL), /CAS 
Latency (CL) and so on can be set in a mode register 
included in the device by a user at its use. 
[0003] Here. Burst Length is a number of data read 
out or written into in sequence in one access cycle. In 
an SDRAM, BLs of 1, 2, 4 or 8 are available and some 
chips have a full page mode. /CAS Latency is a number 
of clock cycles elapsed from application of read instruc- 
tion until an output of data from an output buffer. In an 
SDRAM, CLs=2, 3 in general are available and in some 
chips, CL=1, 4. 

[0004] Though operation modes such as Burst Length 
and /CAS latency set in the mode register do not 
change until reset, at the power off the mode register is 
reset and the set information is lost. 

Disclosure of the Invention 

[0005] An object of the present invention is to provide 
a synchronous semiconductor memory device wherein 
a set operation mode is not lost even at the power off. 
[0006] The object of the present invention is achieved 
by providing a synchronous semiconductor memory 
device including a memory storing data, a clock buffer 
generating an internal dock signal by buffering an exter- 
nal clock signal, an input buffer generating an internal 
control signal in response to the internal dock signal by 
buffering an external control signal, an address buffer 
generating an internal address signal in response to the 
internal clock signal by buffering an external address 
signal, a read circuit reading data from the memory, a 
write circuit writing external data into the memory, and, 
a non-volatile memory section storing an operation 
mode in accordance with the internal control signal and 
the internal address signal and controlling the read cir- 
cuit and the write circuit in accordance with the opera- 
tion mode. 

[0007] A main advantage of the present invention lies 
in that the synchronous semiconductor memory device 
can be restarted in an operation mode stored in the 
non-volatile memory section without need of operation 
mode setting at the next power on after the power off, 
because the operation mode is stored in the non-volatile 
memory section. 



[0008] 

s Fig. 1 is a block diagram of a synchronous semicon- 

ductor memory device in accordance with a best 
mode for carrying out the present invention, and 
Fig. 2 is a schematic block diagram of a memory 
section and a mode decoder shown in Fig. 1 , refer- 

w enced for describing their operations. 

The Best Mode for Carrying Out the Invention 

[0009] Hereinafter with reference to the drawings, a 

15 synchronous semiconductor memory device as a best 
mode for carrying out the present invention will be 
described In the drawings, the same character indicates 
the same or corresponding element. 
[001 0] With reference to Fig. 1 , the synchronous sem- 

20 iconductor memory device in accordance with the 
present invention includes a data input/output terminal 
20, a memory cell array 35 storing external data sup- 
plied as an input to data input/output terminal 20, a row 
select circuit selecting a row in memory cell array 35 to 

25 which data is to be written into or from which data is to 
be read out. a column select circuit 29 selecting a col- 
umn to which data is to be written into or from which 
data is to be read out, an input buffer 3 buffering an 
external clock signal Ext. elk., a clock buffer 5 generat- 

30 ing a internal dock signal Int. elk. by buffering an output 
signal from input buffer 3, an input buffer 1 generating 
an internal control signals by receiving and buffering 
external control signals such as a row address strobe 
signal /RAS, a column address strobe signal /CAS, a 

35 write enable signal /WE, or a chip select signal /CS in 
synchronization with internal clock signal int. elk. gener- 
ated by clock buffer 5, an address buffer 7 generating an 
internal address signal by receiving and buffering exter- 
nal address signal (A0-A11) in synchronization with the 

40 internal clock signal Int. elk., a column decoder 27 driv- 
ing column select circuit 29 by decoding a column 
address signal in the internal address signal, a row 
decoder 31 driving row select circuit 33 by decoding a 
row address signal in the internal address signal, a 

45 command decoder 9 generating and supplying as an 
output a read instruction signal Read, a write instruction 
signal Write, and a mode register set signal MRS in 
accordance with a combination of row address strobe 
signal /RAS, column address strobe signal /CAS and 

so write enable signal /WE sent to input buffer 1 as inputs, 
a mode register 13 including a /CAS Latency setting 
section 130, a Burst Length setting section 131, a burst 
type setting section (not shown) and so on, and setting 
an operation mode such as /CAS Latency or Burst 

55 Length in accordance with a combination of external 
address signal bits A0-A11 supplied as an input to 
address buffer 7 in response to an input of mode regis- 
ter set signal MRS, a memory section 11 storing the 
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internal address signal and mode register set signal 
MRS for setting the operation mode, a mode decoder 1 2 
decoding and supplying a signal stored in memory sec- 
tion 11 to mode register 13, a read control circuit 15 
generating an output enable signal OEM and a read 5 
control signal in accordance with the operation mode 
set in mode register 13 and in response to internal clock 
signal Int. ctk. and read instruction signal Read, a read 
circuit 17 reading out data stored in memory cell array 
35 in response to the read control signal, an output w 
buffer 19 being activated by output enable signal OEM 
and buffering and supplying as an output data read out 
by read circuit 17 to data input/output terminal 20, a 
write control circuit 21 generating a write control signal 
in accordance with the operation mode set in mode reg- 15 
ister 13, and in response to internal clock signal Int. elk. 
and write instruction signal Write, an input buffer 23 
buffering external data supplied as an input to data 
input/output terminal 20 and a write circuit 25 writing 
into memory cell array 35 data supplied as an output 20 
from input buffer 23 in response to the write control sig- 
nal. 

[0011] Fig. 2 is a schematic diagram showing config- 
urations of memory section 1 1 and mode decoder 12. 
[0012] As shown in Fig. 2, memory section 11 25 
includes, for example, two non-volatile memory ele- 
ments 110 and 111 each storing 1 bit information, and 
mode decoder 12 includes an inverter, and an NAND 
circuit. 

[001 3] Next, the operation of the synchronous semi- 30 
conductor memory device will be described. 
[0014] When row address strobe signal /RAS, column 
address strobe signal /CAS, write enable signal /WE 
and chip select signal /CS are all supplied as an input to 
input buffer 1 in a logical low level state in response to 35 
the internal dock signal, command decoder 9 supplies, 
as an output, mode register set signal MRS to mode 
register 13. 

[0015] The mode register set signal MRS is stored in 
memory section 1 1 until a next mode register set signal 40 
MRS is supplied as an output from command decoder 
9. 

[0016] Mode register 13 having received the mode 
register set signal MRS, stores in memory section 11a 
combination of external address signal bits A0-A1 1 sup- 45 
plied as an input to address buffer 7 and sets /CAS 
Latency and Burst Length respectively in /CAS Latency 
setting section 130 and Burst Length setting section 131 
according to the combination. In particular, Burst Length 
is designated by combination of external address signal so 
bits AO, A1 and A2 and /CAS Latency is designated by 
combination of external address signal bits A4, A5 and 
A6. 

[0017] Here, on receiving read instruction signal 
Read, read control circuit 15 controls read circuit 17 in 55 
accordance with /CAS Latency and Burst Length set in 
mode register 13 in synchronization with internal clock 
signal Int. elk. and supplies as an output, output enable 



4 

signal OEM for activating output buffer 19. 
[0018] On the other hand, on receiving write instruc- 
tion signal Write, write control circuit 21 controls write 
circuit 25 in accordance with Burst Length set in mode 
register 13 in synchronization with internal clock signal 
Int. elk. 

[0019] When the synchronous semiconductor mem- 
ory device is powered off, /CAS Latency and Burst 
Length set in mode register 13 are lost. At the power on, 
however, /CAS Latency, Burst Length and so on are set 
again in mode register 13 to the same values as imme- 
diately before the power off in accordance with the 
mode register set signal MRS and the internal address 
signal stored in memory section 1 1 . 
[0020] Operations of memory section 1 1 and others 
will be described referring to Fig. 2. 
[0021] Assume that memory section 11 includes two 
1-b*rt non-volatile memory elements 110 and 111, for 
example, that store address information (X, Y). If (0, 0) is 
stored as (X,Y) at the power off, memory section 1 1 
supplies (0, 0) as an output at the power on, and an out- 
put signal A from an inverter 120 of mode decoder 12 
will be "1" and output signals B, C, and D from inverters 
121. 122, and 123 will be all "0". Thus the operation 
modes such as /CAS Latency, which is determined by 
the signal A taking the value "1", are reset. 
[0022] When (0. 1) is stored as (X, Y), only the output 
signal B from inverter 121 is "1". If (1. 0) is stored, only 
the signal C, and if (1, 1) is stored, only the signal D is 
"1". 

[0023] Particularly, an EPROM (Electrically Program- 
mable Read Only Memory), an EEPROM (Electrically 
Erasable and Programmable Read Only Memory) or the 
like can be used as the non-volatile memory elements 
110 and 111. If the element is overridable, rewriting is 
possible for a number of times. 

[0024] With the synchronous semiconductor memory 
device described above, troublesome setting of opera- 
tion modes such as /CAS Latency at the power on can 
be avoided, because information for setting operation 
modes such as /CAS Latency and Burst Length is 
stored in memory section 11 including the non-volatile 
memory element. 

[0025] In the foregoing, memory section 1 1 may be 
included in mode register 13 and stores mode register 
set signal MRS supplied as an input to mode register 13 
and an output signal from mode decoder 1 2. The same 
advantages can be obtained as well when memory sec- 
tion 11 is in mode register 1 3 and stores an output sig- 
nals from /CAS Latency setting section 1 30 and Burst 
Length setting section 131. 

Claims 

1. A synchronous semiconductor memory device, 
comprising: 

a memory (35) storing data; 
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clock signal buffering means (3, 5) for buffering 
an external clock signal to generate an internal 
clock signal; 

input buffering means (1) responsive to the 
internal dock signal for buffering an external 5 
clock signal to generate an internal control sig- 
nal; 

address buffering means (7) responsive to the 
internal clock signal for buffering an external 
address signal to generate an internal address io 
signal; 

data reading means (15, 17) for reading out 
said data from said memory; 
data writing means (21 , 25) for writing external 
data into said memory; and 15 
non-volatile memory means (11, 12, and 13) 
for storing an operation mode in response to 
said interna) control signal and said internal 
address signal and controlling said data read- 
ing means and said data writing means in 20 
accordance with said operation mode. 



said mode set signal and said internal address 
signal and supplying said stored mode set sig- 
nal and said stored internal address signal to 
said mode setting means. 



2. A synchronous semiconductor memory device, 
comprising: 

25 

a memory (35) storing data; 
clock signal buffering means (3, 5) for buffering 
an external clock signal to generate an internal 
clock signal; 

input buffering means (1) responsive to said 30 
internal clock signal for buffering an external 
control signal to generate an internal control 
signal; 

address buffering means (7) responsive to said 
internal clock signal for buffering an external 35 
address signal to generate an internal address 
signal; 

mode setting means (13) in which operation 
mode can be set designating a reading proce- 
dure of said data from said memory and a writ- 40 
ing procedure of external data into said 
memory; 

data reading means (15, 17) for reading said 
data stored in said memory in response to said 
operation mode set in said mode setting means 45 
and in response to said internal clock signal 
and a read signal; 

data writing means (21 , 25) for writing external 
data into said memory in response to said 
operation mode set in said mode setting means so 
and in response to said internal clock signal 
and a write signal; 

instruction means (9) for generating a mode set 
signal for setting said operation mode in said 
mode setting means in response to said inter- 55 
nal control signal ad generating said read sig- 
nal and said write signal; and 
non-volatile memory means (11) for storing 



4 



EP 0 929 075 A1 



• 



C\J 



O 



LU 



o 



DC 
LJJ 

s 
s 

cc 

UJ 
Q 
O 



/I 

O 
CO 



O 
Z UJ 

<UJ 
y CO 



o 
cc 



o 
o 



3 

o 

oc 

o 



2 /v 



o 
111 
co 

o 



CO 

cc 



ZD 1X1 

O CO 



\ 



CO 



"7" 



CO 

CC 



TJ 
IB 

at 
CC 



cn 



tr cc 
O m 



CO 
CM 





TE 


z> 


UJ 
LL 
U. 


[INP 


CD 



in 9= 
CC o 



< — 

LU 



CO 



A 



o 



LU 

CO 



O 

o = 
o o 



CM 



CC 
UJ 

UJO 

O LU 

2 Q 



m 

CM 



3 



5 ^ 



to 
5o 



CM 



o 

CC 

»- 
z 

o 
o 



o 
cc 



cc 

3 



CO 



is 

UJ UJ 

s o 



O LU 2b 
CC CO O 



/I 



9 cc 

^ LU 

s o 

O uj 
O Q 



o 



LU 



o 

LL 



CO CO 1M 

< < m co 

cc o ^ o 



o 



1 



O LL 
O CO 



ig 



CO 



CC 
£= CD 



l2 



CM 



CC 




UJ 
Q 


cc 

UJ 




o 




O 


O 


a 




o 


i 






I 







CO 
CO 



CO 



CO 

CO cc 

O u. 
O ZD 
<C CD 



7TZ 



s < 



5 



EP 0 929 075 A1 



FIG. 2 
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